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V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claims relate generally to a method and apparatus for estimating worst-case 
delay for a traffic aggregate. 

Traffic aggregate refers to a class or label on which traffic is classified and 
queued. The traffic aggregate has an associated bandwidth (rate), which may be a 
maximum average bandwidth that has been agreed upon by a customer and service 
provider (e.g., in a Service Level Agreement (SLA) (e.g., negotiated rate)). 
(Specification, page 7, line 13 - page 8, line 5). (Claims 1, 1 1, 14, and 23) 

The provider typically polices customer traffic and traffic that exceeds the SLA 
is dropped, reclassified, or otherwise dealt with in accordance with the SLA. After 
policing, traffic is queued and sent out of the apparatus (e.g., router) on an output link. 
The output link has an associated bandwidth referred to as an output link bandwidth. 
Multiple queues can share an output link, with each queue allotted a share of the output 
link bandwidth. (Specification, page 8, lines 6-14). The allocated output link 
bandwidth is greater than or equal to the associated rate of traffic to prevent the queue 
from overflowing. (Specification page 18, line 8-11). (Claims 1, 9, 1 1, 14, 20, 23, 25, 
27) 

Referring to Fig. 1, traffic from customers A, B, and C arrives at a router and 
each traffic stream is policed according to the applicable SLA by policers 10, 1 1, and 
12. After policing, each of the traffic streams has been constrained so that it does not 
exceed the bandwidth specified in the SLA. The traffic streams are sent to queue 120 
and packets are scheduled and sent out of the queue. Queue 120 is coupled to an output 
link having a link capacity apportioned among the various queues associated with the 
output link. (Specification, page 9, lines 3-18). (Claim 1 1) 

A periodic worst case delay is calculated for a traffic aggregate, such as 
Customer A. The traffic is monitored and the arrival time and packet size of each 
packet arriving at the corresponding queue is recorded over an interval of time. A 
burst-rate traffic profile is calculated. The profile includes a rate parameter r and a 
burst parameter b. The value of the rate parameter is set to the associated rate (e.g., 
negotiated rate) for the traffic. The burst parameter is calculated based on the 
associated rate. A periodic worst-case delay is calculated by dividing the burst 
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parameter by the allocated bandwidth. (Specification page 9, line 19 - page 10, line 
11). (Claims 1,9, 11, 14,20,23,25,27,29,31) 

In one embodiment, the effect of a change in bandwidth allocation by the 
provider can be calculated for a set of traffic data. A predicted worst-case delay is 
calculated by dividing the burst parameter (based on the associated rate) by a 
hypothetical bandwidth allocation. A service provider can use this value to determine 
how much additional bandwidth to allocate to a class to achieve a desired decrease in 
delay. In another embodiment, the rate parameter can be set to a hypothetical 
negotiated rate and similar calculations performed. (Specification, page 11, lines 10- 
17, page 20, lines 7-16, Fig. 11). 

The periodic worst-case delay at each node in a network can be calculated as 
previously described, and the periodic worst-case delay at each node in a path can be 
added together to calculate a periodic worst-case delay for the path. (Specification, 
page 11, lines 6-9, page 19, line 16-page 20, line 2, Fig. 10). (Claims 9, 20, 25, 29, 31) 
Figure 8 illustrates a plot including a burst-rate traffic profile, having y-intercept 
b and slope r, referred to by reference number 820. A cumulative bandwidth line 810 
has a slope equal to the allocated bandwidth for the queue (the portion of the total link 
capacity allotted to the queue), and y-intercept 0. Line 810 represents the total amount 
of traffic that can be sent over the output link from a given class queue for a given 
customer versus time. (Specification, page 18, lines 4-8, Fig. 8). 

An error of data from the burst-rate traffic profile may be calculated. If the 
error is unacceptable, a new burst parameter is calculated from previously collected 
data or a new set of data. In this manner, the burst parameter only needs to be 
recalculated when the current burst and rate parameters fail to fit the current traffic 
profile. (Specification, page 19, lines 6-14, Fig. 9). 
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